In this paper we make a phenomenological analysis of the PA-2HDM using leptonic decays of mesons. We have introduced textures for the New Physics 
Introduction
Up to the present day, no experimental result in particle physics is significantly deviated from the theoretical predictions of the Standard Model [1] .
However, there is a widespread consensus on the need for a more fundamental The 2HDM-I [4, 5] and 2HDM-II [6] versions impose discrete symmetries in the scalar sector with the goal of eliminating FCNCs at tree level, generating models with Natural Flavor Conservation [7] . Another way to eliminate FCNCs is through the alignment between Yukawa matrices, leading to additional phenomenology of the 2HDM [8, 9] . As previous works have shown, the alignment is not necessarily stable under RG flow [10] . The minimal condition for simultaneous diagonalization of two complex Yukawa matrices is not the aligment but a less restrictive condition: the products Y should be normal matrices [11] .
In a general 2HDM, where FCNCs appear at tree level, some other supression mechanism is needed. This happens for example in the 2HDM type III [12, 13, 14, 15] . Usually, the control of the FCNCs is achieved through constraints on the non-SM interactions that generate a hierarchy in the matrix elements of the second Yukawa matrix [16] , or through the use of a suitable texture [17, 18] with the Cheng and Sher ansatz [19] . The relation between discrete symmetries and zero-textures has been extensively studied (see for instance, [20] ). This is phenomenologically useful, but ultimately unsatisfactory, since we aim to find a fundamental structure underlying the physics of flavor.
In this paper we analyze, from the phenomenological point of view, the relation between general flavor transformations and particular textures for the non standard Yukawa matrices. This analysis parameterizes directly the nonstandard Yukawa matrix elements proportional to χ f ij coming from the generalized Cheng and Sher ansatz, in terms of the parameters of the transformation of fermion fields. Here, we take a look at the constraints suggested by flavor phenomenology, in particular those coming from flavor violating processes. As a first approximation, this scheme leads to a Partially Aligned 2HDM (PA-2HDM) [21] .
We consider textures with pairwise fermion familiy mixing. Similar textures are often associated with discrete symmetries, like the NNI interacting texture [22] obtained from a Z 4 flavor group. However, this symmetry is lifted to a continuos U (1) symmetry when the scalar potential is included. In principle, this is dangerous because a light Goldstone boson will appear in the SSB phase.
As shown by Ivanov [23] , the smallest setup that can include a Z 4 symmetry is a 3HDM. This paper is organized as follows; in section 2 we describe the relation between the pairwise-mixing textures of the extra Yukawa matrices and general flavor transformations in the mass basis. Also, the couplings of the PA-2HDM are deduced. In section 3, we set restrictions on the parameters of the flavor transformation from the phenomenological effective analysis of meson decays.
In section 4 we give our conclusions.
Flavor symmetries and the PA-2HDM
The Yukawa lagrangian in a general 2HDM is given by
where a = 1, 2 and i, j are flavor indexes.
are the fermion SU (2) doublets, and D Rj and U Rj are the fermion singlets. After SSB, the mass matrix for every sector is given by
where f = u, d, . Without a loss of generality we can parametrize nonstandard Yukawa contributions with a bilinear flavor transformation of the form Here we take a simple approach by choosing cases for the flavor transformations (3) mixing only two generation at a time. In order to make numerical calculations practical we make the following assumptions [24, 21] :
• The matrices A f L and A f R are SU (3) matrices that belong to a particular subgroup, i.e. U-Spin, V-Spin and Isopin.
• In order to reduce the number of free parameters we assume A f L = A f † R , which means that the mass matrix transformation is unitary. For simplicity we will omit the index R and L.
The first assumption is motivated by two facts. First, the FCNC are small and this might be a consequence of a underlying flavor symmetry on the fermions and Higgs doublets, but no necessarily zero. Second, to estimate different contributions to FCNC that come from mixing different generations, we take into account only one subgroup of SU (3) at a time.
In leptonic and semileptonic decays of mesons with down-type quarks, we get 9 combinations of the subgroups of SU (3). In the simplest scenario where the same subgroup describes the leptonic and down-type Yukawa couplings we have 8 free parameters, 4 for each sector. In order to evaluate the phenomenological viability of the PA-2HDM, we assume exactly the same transformation for every sector and then we reduce the number of free parameters to four. One of the free parameters is the complex phase of non diagonal Yukawa matrix elements; its effect on the branching ratio coming from the pseudoscalar interaction can be important when there is flavor changing at tree level for quarks and conservation of leptonic flavor on the other hand. Nonetheless, in this work we will put this phase to zero.
With these conditions the matricesÃ f a 's that mix generations can be written using the Gell-Mann matrices as the basis as follows:
where X = {I, U, V } and Table  1 . Table 1 : Here is shown the matrix elements in terms of the parameters of the transformation when we restrict the use of one subgroups of SU (3) per time. This leads to the mixing of two generations that restrict FCNC contribution to only a few number of decays. 
The zeros in the Yukawa matrices can be set up following methods widely studied in [20, 26, 25] . Textures and abelian symetries are related via the Smith normal form. In the abelian case, considering the effect of discrete transformation in the Yukawa and the scalar sector can lift the symmetry to a continuos U (1). There are more possibilities, related to non-abelian groups, that will not be explored in this work.
Equation (5) gives the relation between the parameters of the flavor transformations for the couplings of fermions with scalars. With the assumptions above,
we can obtain the explicit expressions for χ's shown in Table 2 . As the masses of quarks and leptons are highly hierarchical, the relation c could be very different because of their unknown mass hierarchy.
Leptonic Meson decays in the PA-2HDM
In order to make a phenomenological analysis we use leptonic decay of pseu- scalars are very different, we need to take into account higher-order diagrams.
In general, the Wilson operators that contribute to leptonic decays of pseudoscalar mesons at low energies are [28] :
And the effective Hamiltonian can be written as
When we restrict our analysis to SM and NP tree level pseudoscalar contributions, only axial and pseudoscalar Wilson coefficients are needed. Excluding box and penguin diagrams with off-shell charged scalars, the branching ratio takes the form
where f (x i , x j ) is defined by:
. As it is well know, the Wilson coefficient C A contains all the SM contributions for short distance (see [29] for a calculation of the general case). In [30, 31, 32] we can find the calculation for the pseudoscalar meson B.
The couplings with the pseudoscalar A 0 in a general 2HDM are given by
where is easy to deduce that at low energies
Now, we choose the decays with FCNC that have contributions from the textures in Table 1 . Those channels are listed in Table 3 . Channel BR
In order to obtain the allowed regions for χ q a,ij and c's, we perform a simple numerical analysis. We build the functioñ show the parameter space for every texture.
V-Spin texture
In the V-Spin texture we only have contributions coming from the coupling between second and third generation. Here the NP contribution is on the B s → µ + µ − channel. We found that the upper bound ofχ (1) and (2) show the parameters space compatible with the measurement of B s → µ + µ − .
U-Spin texture
In the U-Spin texture the contribution is on B
This case is characterized by the fact that the coupling depend on the ratio of highly hierarchical masses (see Table ( 2), where we obtain
The fact that FCNC with b → d are very small suggests that c
In that case the value for |χ q 2,13 | is dominated by the first term, but it is still very small due to the factor
. As a consequence of this property it is no possible to establish a reasonable upper bound on this parameters. The behavior is shown in Figures 3 and 4. 
Isospin Texture
In this texture, the first and second generation are mixed and the channels that have New Physics contribution are
form factors uncertainty coming from the interchange of virtual photons and the short distance from 1-loop diagrams are relevant for this particular decay.
Given that in this case NP affects only the short distance contribution, we have 
Conclusions
In this work we have analysed the phenomenology of the PA-2HDM using the leptonic decays of B and K mesons, where the main contribution comes from the interchange of a A 0 pseudoscalar. In this model, an additional U (1) symmetry allows us to write the Yukawa matrices following a special form using the Gell-Mann matrices and that corresponds to the subgroups of SU (3). This implies that if FCNC exist at tree level, only a few leptonic decays will have NP contributions.
Only the B s → µ − µ + channel is sensitive to the V-spin contributions, the channel B d → µ − µ + to U-spin, and the chabbel K L → µ − µ + to Iso-spin. Thus, we have found expressiones for the NP contribution with a small set of free parameters. In particular, for the case of parallel textures between downtype quarks and leptons, the parameters χ's take simple forms weighted by the squared root of the ratio of the quark masses involved in the corresponding decay.
We also obtain an upper bound on the χ q 2,ij with a special behavior regulated by the same mass ratios, the pseudoscalar mass m A and tan β. For the B s and K L channels, χ q 2,ij rises for small values of χ μµ , then it reaches a maximum value and decreases. We obtained the parameter space for the SU (3) transformation over the mass matrix that generates the Yukawa matrices that parameterize the NP.
This means that if a pseudoscalar with a relative small mass exists and an extre U (1) flavor symmetry exist, the branching ratio of leptonic decays meson are not sensitive to the NP with the current experimental precision. 
